TITLE OF THE INVENTION 

OPTICAL PICKUP ASTIGMATISM MEASURING METHOD, OPTICAL PICKUP 
ASTIGMATISM ADJUSTING METHOD, AND OPTICAL PICKUP ASTIGMATISM 

MEASURING SYSTEM 

5 

BACKGROX7ND OF THE INVENTION 

The present invention relates to an astigmatism measuring 
method, an astigmatism adjusting method and an astigmatism 
measuring system, all for an optical pickup which applies a light 

10 beam converged by an objective lens to a recording medium. 

The present application claims priority from Japanese 
Application No. 2003-39652, the disclosure of which is 
incorporated herein by reference. 

For example, with an optical pickup for use in 

15 recording/reproducing information on an optical disk such as CD 
or DVD, it is required to correctly and constantly converge a light 
beam (for writing or reproducing information) on information pit 
train on the surface of the optical disk. Because of this, it 
is absolutely necessary to reduce as much as possible an aberration 

20 (specifically, an astigmatism) of the optical system of the optical 
pickup . 

In order to measure an astigmatism of an optical pickup, 
it is usual to employ a method using a laser interferometer. 
However, this method needs considerable working time and requires 
25 an experienced labor for correctly making coincidence between the 
optical axis of the laser interferometer and that of the optical 
pickup, thus rendering it unsuitable for adjusting the optical 
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system of an optical pickup in an actual manufacturing process. 

In order to solve the above problem, Japanese Unexamined 
Patent Application Publication No. 2002-15435 has suggested an 
improved method for adjusting an astigmatism of an optical pickup, 
5 which can be used with an easy manner in an actual manufacturing 
process. As shown in Fig. 11 of the published patent application, 
the suggested adjustment method requires that a spot image (light 
beam sectional shape along a direction orthogonal to the advancing 
direction of the light beam) of a light beam converged near the 

10 focus of an optical pickup be taken as image data into a processing 
system, thereby image-processing andmeasuring a roundness (aspect 
ratio) of the spot image. Then, an incident angle of the light 
beam entering the objective lens is changed such that the roundness 
of the spot image becomes maximum (almost equal to 1) , thereby 

15 correcting the astigmatism of an optical pickup. 

However, the above-mentioned astigmatism adjusting method 
requires a precondition that the incident angle of a light beam 
is changed to finally obtain a spot image which is a true circle 
(or a generally true circle) . Namely, since the above-mentioned 

20 adjusting method takes a spot image of true circle as an adjustment 
standard, it was found difficult to minimize an astigmatism by 
such an astigmatism adjusting method (if the objective lens of 
an optical pickup has an inherent aberration and hence a converged 
spot image fails to become a true circle even though the incident 

25 angle of the light beam is adjusted) . In other words, if the 
above-mentioned astigmatism adjusting method is to be used for 
performing an optimum astigmatism adjustment, it is necessary to 
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use high quality optical elements (having less astigmatism) to 
construct the optical system of an optical pickup with a high 
precision, so as to render the spot image to become a true circle. 



5 STOfl&ARY OF THE INVENTION 

The present invention has been accomplished in view of the 
above problem and it is an object of the invention to provide an 
improved astigmatism measuring method and an improved astigmatism 
measuring system, as well as an improved astigmatism adjusting 

10 method capable of easily correcting an astigmatism by using the 
astigmatism measuring method, without relying upon a precision 
of the optical system of an optical pickup and without requiring 
that the spot shape of a light beam converged by an objective lens 
be a true circle. 

15 According to one aspect of the present invention, there is 

provided an astigmatism measuring method for measuring an 
astigmatism of an optical pickup which applies a light beam 
converged by an objective lens to a recording medium, the method 
comprising : a first step of finding a first position in an advancing 

20 direction of the light beam, which first position causes the beam 
diameter of the light beam to become minimum in a first direction 
orthogonal to the advancing direction of the light beam; a second 
step of finding a second position in an advancing direction of 
the light beam, which second position causes the beam diameter 

25 of the light beam to become minimum in a second direction orthogonal 
to both the advancing direction of the light beam and the first 
direction; a third step of finding a first distance representing 
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a difference between the first position and the second position 
in the advancing direction of the light beam; a fourth step of 
finding a third position in the advancing direction of the light 
beam, which third position causes the beam diameter of the light 
5 beam to become minimum in a third direction orthogonal to the 
advancing direction of the light beam and inclining 45 degrees 
from the first direction; a fifth step of finding a fourth position 
in the advancing direction of the light beam, which fourth position 
causes the beam diameter of the light beam to become minimum in 

10 a fourth direction orthogonal to both the advancing direction of 
the light beam and the third direction; and a sixth step of finding 
a second distance representing a difference between the third 
position and the fourth position in the advancing direction of 
the light beam. Specifically, an astigmatism of the optical pickup 

15 is measured in accordance with the first distance and the second 
distance. 

According to another aspect of the present invention, there 
is provided an astigmatism adjusting method for adjusting an 
astigmatism of an optical pickup which applies a light beam 

20 converged by an objective lens to a recording medium, the method 
comprising : a first step of finding a first position in an advancing 
direction of the light beam, which first position causes the beam 
diameter of the light beam to become minimum in a first direction 
orthogonal to the advancing direction of the light beam; a second 

25 step of finding a second position in an advancing direction of 
the light beam, which second position causes the beam diameter 
of the light beam to become minimum in a second direction orthogonal 
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to both the advancing direction of the light beam and the first 
direction; a third step of finding a first distance representing 
a difference between the first position and the second position 
in the advancing direction of the light beam; a fourth step of 
5 finding a third position in the advancing direction of the light 
beam, which third position causes the beam diameter of the light 
beam to become minimum in a third direction orthogonal to the 
advancing direction of the light beam and inclining 4 5 degrees 
from the first direction; a fifth step of finding a fourth position 

10 in the advancing direction of the light beam, which fourth position 
causes the beam diameter of the light beam to become minimum in 
a fourth direction orthogonal to both the advancing direction of 
the light beam and the third direction; a sixth step of finding 
a second distance representing a difference between the third 

15 position and the fourth position in the advancing direction of 
the light beam; and a seventh step of measuring an astigmatism 
of the optical pickup in accordance with the first distance and 
the second distance. Specifically, the astigmatism of the optical 
pickup is adjusted in accordance with the measurement result 

20 obtained in the seventh step. 

According to a further aspect of the present invention, there 
is provided an astigmatism measuring system for measuring an 
astigmatism of an optical pickup which applies a light beam 
converged by an objective lens to a recording medium, the system 

25 comprising: measurement unit and operation unit. Specifically, 
the measurement unit is provided for measuring: a first position 
in an advancing direction of the light beam, which first position 
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causes the beam diameter of the light beam to become minimum in 
a first direction orthogonal to the advancing direction of the 
light beam; a second position in an advancing direction of the 
light beam, which second position causes the beam diameter of the 
5 light beam to become minimum in a second direction orthogonal to 
both the advancing direction of the light beam and the first 
direction; a third position in the advancing direction of the light 
beam, which third position causes the beam diameter of the light 
beam to become minimum in a third direction orthogonal to the 

10 advancing direction of the light beam and inclining 45 degrees 
from the first direction; and a fourth position in the advancing 
direction of the light beam, which fourth position causes the beam 
diameter of the light beam to become minimum in a fourth direction 
orthogonal to both the advancing direction of the light beam and 

15 the third direction . In particular , the operation unit is provided 
for finding a first distance representing a difference between 
the first position and the second position in the advancing 
direction of the light beam, as well as a second distance 
representing a difference between the third position and the fourth 

20 position in the advancing direction of the light beam. 

Specifically, the astigmatism of the optical pickup is measured 
in accordance with the first distance and the second distance. 

BRIEF DESCRIPTION OF THE DRAWINGS 

25 These and other objects and advantages of the present 

invention will become clear from the following description with 
reference to the accompanying drawings, wherein: 
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Fig. 1 is an explanatory view showing an astigmatism 

measuring and adjusting method according to an embodiment of the 

present invention; 

Fig. 2 is an explanatory view showing a method of measuring 
5 diameters of spot images- 
Fig. 3 is a graph showing a relationship between defocusing 

amount and spot diameter; 

Fig. 4 is an explanatory view showing a method of measuring 

diameters of spot image; 
10 Fig. 5 is a graph showing a relationship between defocusing 

amount and spot diameter; 

Fig. 6 is a block diagram showing an astigmatism adjusting 

system according to an embodiment of the present invention; 

Fig. 7 is a block diagram showing the constitution of an 
15 image processor according to the embodiment of the present 

invention; 

Fig. 8 is a block diagram of an object program according 
to the embodiment of the present invention; 

Fig . 9 is a flow chart showing an operation of the astigmatism 
20 adjusting system according to the embodiment of the present 
invention; 

Fig. 10 is a flow chart further showing the operation of 
the astigmatism adjusting system according to the embodiment of 
the present invention; 
25 Figs. IIA and IIB are explanatory views showing defocusing 

amount ; 

Fig. 12 is a graph showing a relationship between defocusing 



7 



amount and spot diameter; 

Fig. 13 is a graph further showing a relationship between 
defocusing amount and spot diameter; and 

Figs. 14A and 14B are graphs showing a correlation between 
5 inter-focal distances and astigmatisms measured by an 
interferometer . 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

A preferred embodiment of the present invention will be 

10 described in the following with reference to the accompanying 
drawings. Fig. 1 is an explanatory view showing a method of 
measuring an astigmatism of an optical pickup 5 and adjusting the 
astigmatism in accordance with the measurement result. 

As shown in Fig. 1, an optical pickup 5 for use in an optical 

15 disk recording/reproducing apparatus comprises a laser diode 51 
serving as a light source of a light beam for carrying out information 
recording/reproducing on an optical disk, a reflection mirror 53 
for changing the optical path of a light beam and an objective 
lens 54 for converging the light beam. A light beam emitted from 

20 the laser diode 51 is reflected by the reflection mirror 53, and 
then converged by the objective lens 54 so as to be focused onto 
a position corresponding to the recording surface of an optical 
disk (not shown) . 

In carrying out an astigmatism measurement and adjustment, 

25 the optical pickup 5 applies a light beam to a cover glass 11a 
serving as a projection plane, thereby projecting a spot image. 
An image pick-up device 13 picks up the spot image projected on 
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the cover glass 11a. 

Aprocedure for carrying out the astigmatism adjustingmethod 
will be described below. At first, the position of the objective 
lens 54 is adjusted. Then, while appropriately changing a distance 
5 between the focus of the light beam and the cover glass 11a 

(hereinafter referred to as defocusing amount) , spot images Pn 
of the light beam projected on the cover glass 11a are successively 
picked-up by the image pick-up device 13. Subsequently, the 
diameters of the picked-up spot images Pn are measured. 

10 In detail, as shown in Fig. 2, the respective spot images 

Pn successively picked-up in the above-described manner are 
subjected to a measurement such that spot diameter XI in RAD 
direction (defined as a first direction) and spot diameter Yl in 
TAN direction (orthogonal to the first direction and defined as 

15 a second direction) are measured- Here, RAD (Radial) direction 
is a radial direction when the optical disk has been loaded, while 
TAN (Tangential) direction is a tangential direction. 

Next , measurement results of the above-mentioned spot images 
Pn are used to establish characteristic curves fxl and fyl 

20 representing a relationship between defocusing amount and spot 
diameters XI, Yl, as shpwn in Fig. 3. Then, characteristic curve 
fxl is used to find a value DF i corresponding to a defocusing 
amount which causes the spot diameter XI to become minimum, while 
characteristic curve fyl is used to find a value DF 2 corresponding 

25 to a defocusing amount which causes the spot diameter Yl to become 
minimum. Subsequently, a value Lq is found which represents a 
difference between these two values, i.e., Lq = DF2- DFi. In this 
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way, the value Lo thus found represents a distance between a focal 
position when the light beam is converged in RAD direction and 
another focal position when the light beam is converged in TAN 
direction (hereinafter referred to as inter-focal distance) . 
5 Afterwards, the picked-up respective spot images Pn are 

subjected to a further measurement so as to measure a spot diameter 
X2 ina thirddirectioninclining 45 degrees f romthe first direction, 
as well as to measure a spot diameter Y2 in a direction orthogonal 
to the third direction, thereby finding an inter-focal distance 

10 L45 through the same computation. 

Namely, as shown in Fig. -4, the respective spot images Pn 
are treated so as to measure a spot diameter X2 in a third direction 
inclining 45 degrees from RAD direction, as well as to measure 
a spot diameter Y2 in a fourth direction inclining 45 degrees from 

15 TAN direction. Then, as shown in Fig. 5, characteristic curves 
fx2, fy2 showing a relationship between defocusing amounts and 
various spot diameters X2, Y2 are established so as to find values 
DF3, DF4 corresponding to defocusing amounts which cause spot 
diameters X2, Y2 to become minimum. Furthermore, an inter-focal 

20 distance L45 is found which represents a difference between the 
above two values, i.e., L45 = DF4 - DF3. 

Here, it has been found that the inter-focal distances Lq, 
L45 have an extremely high correlation with an astigmatism measured 
by the interferometer of an optical pickup 5. Namely, it is 

25 possible to measure an astigmatism of the optical pickup 5 by finding 
the inter-focal distances Lq, L45. 

Next, an astigmatism of the optical pickup 5 is adjusted 
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in accordance with the measurement results obtained by using the 
above-mentioned astigmatism measuring method. In more detail 
the inter-focal distances Lo^ L45 are used to adjust the angles 
of the reflection mirror 53 with respect to RAD and TAN directions^. 
5 thereby changing an incident angle of the light beam entering the 
objective lens 54 and thus correcting the astigmatism. 

However, before carrying out the astigmatism adjusting 
method, it is required to at first conduct a calculation to establish 
a relational expression representing a relationship between the 

10 inter-focal distances Lq, L45 and an installation angle of the 
reflection mirror 53. Then, a plurality of optical pickups are 
employed to establish an equation by performing an actual mounting 
operation. Subsequently, during an astigmatism adjustment, the 
relational expression is used to calculate an appropriate angle 

15 (for the reflection mirror 53) corresponding to calculated 

inter-focal distances LoandL45, thereby ad justing the installation 
angle of the reflection mirror 53 in accordance with the calculated 
angle. 

According to the astigmatism measuring method and the 
20 astigmatism adjusting method of the present invention, it is 
required to calculate an inter-focal distance between a focal 
position when the light beam is converged in RAD direction and 
another focal position when the light beam is converged in TAN 
direction. Further, since the inter-focal distance Lq does not 
25 contain 45-degree component of an astigmatism, such 45-degree 
component should be calculated by calculating an inter-focal 
distance L45 between a focal position when the light beam is 
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converged in a direction inclining 45 degrees from RAD direction 
and another focal position when the light beam is converged in 
a direction inclining 45 degrees from TAN direction. Here, since 
there is a correlation between the inter-focal distances Lq, L45 
5 and 0-degree component as well as 4 5-degree component of each 
astigmatism, an astigmatism of the optical pickup 5 can be measured 
by calculating these inter-focal distances. 

Moreover, since an astigmatism is measured based on these 
inter-focal distances, it is also possible to highly accurately 

10 perform astigmatism measurement or adjustment on an optical pickup 
even when it is in a non-aberration (astigmatism is zero) state 
in which the spot shape of its light beam is elliptical. 

In addition, since a relational expression established 
beforehand is used to calculate an appropriate angle for use in 

15 adjusting the reflection mirror (which angle corresponds to 

inter-focal distances) so as to adjust an inclining angle of the 
reflection mirror in accordance with the calculated angle and thus 
correct an astigmatism, it is allowed to perform an optimum 
adjustment of an astigmatism in only one operation, thereby 

20 simplifying the adjustment operation. 
( Detailed Embodiment) 

Next, an appropriate and more detailed embodiment of the 
present invention will be described with reference to the 
accompanying drawings. However, the present embodiment will be 

25 given by explaining an automatic adjustment of an astigmatism of 
an optical pickup used in a DVD (Digital Versatile Disc) 
recording/reproducing apparatus. 
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Fig- 6 is a block diagram showing an optical pickup 5 and 
the constitution of a system for adjusting an astigmatism of the 
optical pickup . As shown in the drawing, the astigmatism ad j us ting 
system of the present embodiment comprises an image processor 1 
5 for receiving (as image data) spot images of a light beam emitted 
from the optical pickup 5, a controller 3 for measuring an 
astigmatism using the received. spot images and for producing 
command signals for adjusting the astigmatism in accordance with 
measurement result, a plurality of D/A converters 4a, 4b, and 4c 

10 for converting the command signals outputted from the controller 
3 into analog values, a plurality of amplifiers 5a, 5b, and 5c 
for amplifying command signals outputted from the D/A converters, 
and a pair of swinging actuators 6a, 6b- 

Here, the controller 3 is a computer system including an 

15 MPU (micro-processor unit) , a memory and an input /output unit for 
inputt ing/outputt ing image data or command signal , and can measure 
and adjust an astigmatism in accordance with a system program set 
in advance in the memory. 

The optical pickup 5 includes a laser diode 51, a half mirror 

20 55, a collimator lens 52, a reflection mirror 53, and an objective 
lens 54. 

The laser diode 51 serves as a laser light source to emit 
a light beam (for recording/reproducing information on DVD) to 
the half mirror 55. The half mirror 55 allows part of an incident 
25 light to transmit therethrough and reflects another part thereof, 
so that part of the light beam from the laser diode 51 is reflected 
onto the collimator lens 52. The collimator lens 52 renders the 
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reflected light beam to become a collimated light. In this way, 
there is formed an infinite system optically existing between the 
collimator lens 52 andthe objective lens 54 . The ref lectionmirror 

53 is provided to reflect the collimated light from the collimator 
5 lens 52 onto the objective lens 54. The objective lens 54 is 

provided for forming a light beamintoa focal spot on the information 
recording surface (containing information pits) of a DVD. 
Therefore, during an astigmatism adjustment, the objective lens 

54 can be used to converge the light beam onto a cover glass 11 
10 of the image processor 1. 

The image processor 1 comprises the cover glass 11 which 
projects spot images of the light beam from the optical pickup 
5, an imaging (image formation) optical system 12 which enlarges 
the projected spot images and effects image-formation, and CCD 

15 (Charge Coupled Device) element 13 which converts the enlarged 
spot images into electrical signals. 

Fig. 7 is an explanatory view showing the constitution of 
the image processor 1. In detail, the cover glass 11 consists 
of a transparent plate-shaped glass and has a thickness serving 

20 as an optical distance corresponding to a polycarbonate layer (0. 6 
mm) used in DVD (i.e., corresponding to an optical distance from 
the surface of DVD to its information recording surface) . The 
backside of the cover glass 11 is a semi-transparent half-mirror 
surface 11a formed by vapor deposition. In this way, a focusing 

25 servo can be effected by virtue of a reflected light from the 
half-mirror surface 11a, while spot images can be projected by 
virtue of a transmitted light penetrating the half mirror surface 
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11a. 

The imaging optical system 12 comprises an objective lens 
121, a reflection mirror 122, convex lenses 123 and 124, and an 
imaging lens 125. In operation, the imaging optical system 12 
5 uses the objective lens 121 to converge spot image projected on 
the half-mirror surface 11a and then changes its optical path trough 
the reflection mirror 122. Afterwards, spot image is enlarged 
by virtue of the convex lenses 123,124 having different focal 
lengths . Then, spot image is formed on the CCD element 13 by means 

10 of the imaging lens 125 . Subsequently, the CCD element 13 converts 
the formed spot image into electrical signal so as to be outputted 
to the controller 3. 

The D/A converters 4a, 4b, and 4c operate to convert command 
signals f romthe controller 3 into analog values so as to be outputted 

15 to the amplifiers 5a, 5b, and 5c respectively. Then, based on 
the command signals from the D/A converters 4a and 4b, the amplifiers 
5a and 5b output driving voltages for driving the swinging actuators 
6a and 6b. Moreover, in accordance with the command signal from 
the D/A converter 4c, the amplifier 5c outputs a driving voltage 

20 for driving an actuator 541 of the objective lens 54. 

Here, the swinging actuators 6a and 6b are electric-operated 
gonio-stages each of which can swing at an angle based on a driving 
voltage, and are connected to the reflection mirror 53. 
Specifically, the swing actuator 6a swings the reflection mirror 

25 53 in RAD direction so as to cause the optical axis of the light 
beam to change in RAD direction, while the swing actuator 6b swings 
the reflection mirror 53 in TAN direction so as to cause the optical 
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axis of the light beam to change in TAN direction. 

The actuator 541 is provided within the optical pickup 5 
to move the objective lens 54 in the direction of the optical axis, 
thereby changing a defocusing amount. 
5 Fig. 8 is a block diagram showing an object program set in 

the controller 3. Specifically, the controller 3 contains an 
object program related to measurement unit SI, operation unit 82, 
and astigmatism adjusting unit S3. Here, measurement unit SI and 
operation unit S2 together form astigmatism measuring unit. 

10 An operation of the astigmatism adjusting system having the 

above-discussed constitution will be described as follows. At 
first, the measurement unit SI and the operation unit S2 shown 
in Fig. 8 measure an astigmatism of the optical pickup 5. Then, 
based on the measured astigmatism, the astigmatism adjusting unit 

15 S3 operates to drive the swinging actuators 6a and 6b to adjust 
an incident angle of the light beam entering the objective lens 
54, thereby correcting the astigmatism- 
Respective steps for performing the astigmatism adjustment 
will be described in detail in accordance with a flowchart shown 

20 in Figs. 9 and 10. 

At first, at step SlOl, the measurement unit SI initializes 
a counter variable n to 1 . Then, at step S102, a command signal 
is outputted to the D/A converter 4c to drive the actuator 541, 
thereby defocusing the focal point of the objective lens 54 of 

25 the optical pickup 5 to a predetermined measurement start position . 
Here, a defocusing amount means a relative distance with respect 
to the half mirror surface 11a having a focal position at which 
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a collimated light beam is converged by the objective lens 54. 
If the focal position of the collimated light beam is (far) on 
one side of the half mirror surface 11a of the cover glass 11 and 
close to the optical pickup 5 (as shown in Fig. IIA) , a defocusing 
5 amount will be defined by negative sign (-) . On the other hand, 
if the focal position of the collimated light beam is (near) on 
the other side of the half mirror surface 11a and close to the 
image processor 1, a defocusing amount will be defined by positive 
sign ( + ) . Specifically, a defocusing amount when astigmatism 

10 measurement is started is -1 . 7 micrometers away from the half mirror 
surface 11a (however, it should not be limited to this value) . 
Then, based on a relational expression (stored in advance) 
representing a relationship between a driving voltage value of 
the actuator 541 and a defocusing amount of the objective lens 

15 54, the measurement unit SI outputs a command signal to the D/A 
converter 4c to drive the actuator 54 1 so as to obtain a predetermined 
defocusing amount . 

Next, at step S103, the defocusing amount is stored in an 
array variable DF(n), while a defocusing amount at measurement 

20 start is stored in an array variable DF(1). 

Next, at step S104, the image processor 1 enlarges the spot 
image of the light beam projected on the half mirror surface 11a, 
by virtue of the imaging optical system 12, thereby forming an 
image on the CCD element 13. Subsequently, the measurement unit 

25 81 receives (as image data) the spot image projected on the half 
mirror surface 11a. 

Then, at step S105, the measurement unit SI measures a spot 
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diameter XI of the spot image Pn in RAD direction shown in Fig. 
2 . At step S106, the spot diameter XI is stored in an array variable 
XI (n) . 

Next, at step S107, the measurement unit SI measures a spot 
5 diameter Yl of the spot image Pn in TAN direction shown in Fig. 
2 . At step S108 , the spot diameter Yl is stored in an array variable 
Yl(n) . 

Subsequently, atstepS109, the measurement unit SI measures 
a spot diameter X2 of the spot image Pn in (RAD + 45 degrees) direction 

10 shown in Fig. 4. At step SllO, the spot diameter X2 is stored 
in an array variable X2 (n) . 

Next, at step Sill, the measurement unit SI measures a spot 
diameter Y2 of the spot image Pn in (TAN + 45 degrees) direction 
shown in Fig. 4. At step S112, the spot diameter Y2 is stored 

15 in an array variable Y2 (n) . 

Then, at step S113, the above defocusing amount is compared 
with another defocusing amount obtained after the measurement has 
ended. Here, the defocusing amount obtained after the measurement 
has ended is +1.3 micrometers. 

20 If the above defocusing amount is smaller than another 

defocusing amount obtained after the measurement has ended, the 
defocusing amount will be increased by 0.3 - 0.5 micrometers at 
step S114 . Such an increase in the defocusing amount, as discussed 
above, can be effected as follows. Namely, the controller 3 

25 produces a command signal , and the actuator 541 drives the objective 
lens 54 in a direction along the optical axis in accordance with 
the command signal. Then, at step S115, +1 increment of the 
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variable n is carried out, while the defocusing amount added into 
the array variable DF(n) is stored at step S116. Afterwards, at 
steps S104-S112, various diameters of the spot image Pn are measured 
again. 

5 In this way, the above measurement is performed while 

increasing the defocusing amount . At step S113, if it is determined 
that the defocusing amount is equal to or larger than a measurement 
ending position, operations from step S117 onwards are executed, 
as shown in Fig. 10. 
10 At steps S117-S120, as shown in Fig. 12, defocusing amounts 

causing respective spot diameters to become minimum are calculated 
using the measurement results of defocusing amount DF(n), spot 
diameter XI (n) in RAD direction, and spot diameter Yl (n) in TAN 
direction . 

15 Specifically, at step S117, the measurement unit SI, using 

(for example) least-square method, finds a secondary regression 
curve fxl which approximates to a relation between defocusing 
amount DF(n) and spot diameter XI (n) in RAD direction. Then, at 
step S118 similar to step S117 , another secondary regression curve 

20 fyl is found which approximates to a relation between defocusing 
amount DF(n) and spot diameter Yl(n) in TAN direction. 

Then, at step S119, a value DFi corresponding to a defocusing 
amount where diameter XI (n) of spot image exhibits its minimum 
value is calculated in accordance with the regression curve fxl. 

25 Further, at step S120, a value DF2 corresponding to a defocusing 
amount where diameter Yl(n) of spot image exhibits its minimum 
value is calculated in accordance with the regression curve fyl. 

19 



Next, at steps S121-S124^ as shown in Fig. 13, defocusing 
amounts causing respective spot diameters to become minimum are 
calculatedusing themeasurement results of defocusing amount DF (n) , 
spot diameter X2 (n) in (RAD -f- 45 degrees) direction, and spot 
5 diameter Y2 (n) in (TAN + 45 degrees) direction. 

Specifically, at step S121, the measurement unit SI finds 
a secondary regression curve fx2 which approximates to a relation 
between defocusing amount DF(n) and spot diameter X2(n) in (RAD 
+ 45 degrees) direction. Then, at step S122, another secondary 
10 regression curve fy2 is found which approximates to a relation 
between defocusing amount DF(n) and spot diameter Y2 (n) in (TAN 
+ 45 degrees) direction. 

Then, at step S123, a value DF3 corresponding to a defocusing 
amount where diameter X2 (n) of spot image exhibits its minimum 
15 value is calculated in accordance with the regression curve f x2 . 
Further, at step S124, a value DF4 corresponding to a defocusing 
amount where diameter Y2 (n) of spot image exhibits its minimum 
value is calculated in accordance with the regression curve f y2 . 

Next, at step S125, the operation unit S2 finds an inter-focal 
20 distance Lq between value DF2 and value DFi, in accordance with 
the following equation (1) . Here, the focal distance Lq is a 
distance between a focal point where the light beam is converged 
in RAD direction and a focal point where the light beam is converged 
in TAN direction orthogonal to RAD direction. 
25 Lo ^ DF2 - DFi ... (1) 

Then, atstepS126, the operation unit S2 finds an inter-focal 
distance L45 between value DF4 and value DF3, in accordance with 
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the following equation (2) . Here, the focal distance L45 is a 
distance between a focal point where the light beam is converged 
in (RAN + 45 degrees) direction and a focal point where the light 
beam is converged in (TAN +45 degrees) direction orthogonal to 
(RAD + 45 degrees) direction. 
L45 - DF4 - DF3 ... (2) 

Next, at step S127, the operation unit S2 transforms the 
inter-focal distance Lq by a linear function Fi shown in the 
following equation (3) , thereby finding 0-degree component ASo 
of an astigmatism. 

ASo ^ Fi(Lo) = -0.1871Lo - 0.0266 ... (3) 

Next, at step S128, the operation unit 82 transforms the 
inter-focal distance L45 by a linear function F2 shown in the 
following equation (4) , thereby finding 45-degree component AS45 
of an astigmatism. 

AS45 ^ F2(L45) = -0.1967L45 + 0.0318 ... (4) 

Here, transformation functions Fi and F2 are stored in advance 
in the controller 3 . When it is necessary to measure an astigmatism 
of an optical pickup of the same type, the same transformation 
functions Fi and F2 will be used. 

At step S129, the operation unit S2 calculates an astigmatic 
amount ASmag by calculating a square average of 0-degree component 
ASo and 45-degree component AS45 of an astigmatism, in accordance 
with the following equation (5). Then, atstepS130, an astigmatic 
angle ASeis calculated in accordance with the following equation 



(6) . 




(5) 
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ASe ^ l/2arctan{AS45/ASo} ... (6) 

Fig. 14A is a graph showing (by marks) an intersection of 
an inter-focal distance Lq found in this astigmatism measurement 
with 0-degree components (astigmatisms in RAD and TAN directions) 
5 of astigmatisms measured by an interferometer on a plurality of 
optical pickups. As shown in the graph, there is an extremely 
high correlation (for example, a correlation coefficient is 0 . 96) 
between an inter-focal distance Lo and values measured by an 
interferometer. In fact, the transformation function Fi of the 

10 above equation (3) is obtained by performing such measurement and 
approximating (by a linear function) a relation between an 
inter-focal distance Lq and values measuxed by an interferometer. 
Namely, if an inter-focal distance is obtained and transformed 
with the transformation function Fi, it is possible to obtain a 

15 value corresponding substantially to an astigmatism component 
measured with an interferometer. 

Fig. 14B is a graph showing (by marks) an intersection of 
an inter-focal distance L45 found in this astigmatism measurement 
with 45-degree components {astigmatisms in (RAD + 45 degrees) 

20 direction and (TAN + 45 degrees) direction} of astigmatisms 

measured by an interferometer on a plurality of optical pickups. 
As shown in the graph, there is an extremely high correlation (for 
example, a correlation coefficient is 0 . 99 ) between an inter-focal 
distance L45 and values measured by an interferometer. In fact, 

2 5 the transformation function F2 of the above equation (4) is obtained 
by performing such measurement and approximating (by a linear 
function) a relation between an inter-focal distance L45 and values 



measured by an interferometer. Namely, if an inter- focal distance 
is obtained and transformed with the transformation function Fzr 
it is possible to obtain a value corresponding substantially to 
an astigmatism component measured with an interferometer. Here, 
5 the unit of astigmatism is A (wavelength of a measurement light 
used in an interferometer) , and inter-focal distances Lq and L45 
are converted (by transformation functions Fi, F2) into values 
with the unit of astigmatism being X. 

In this way, by finding inter-focal distances Lq and L45 using 
10 measurement unit SI and the operation unit S2, it is possible to 
measure astigmatism for the spot images received through the image 
processor 1. 

Next, the astigmatism adjusting unit S3 shown in Fig. 8 
operates in accordance with the obtained inter-focal distances 

15 Lo and L45 to drive the swinging actuator 6b so as to change the 
inclining angle of the reflection mirror 53 by A9RAD in RAD direction, 
as well as to change the inclining angle of the reflection mirror 
53 by A9TAN in TAN direction. In fact, an angle changing amount 
of the reflection mirror 53, as discussed above, can be calculated 

20 in accordance with a relational expression representing a 

relationship between inter-focal distance and installation angle 
of the reflection mirror . 

Here, the relational expression including Lq, L45, and 
installation angle of the reflection mirror 53 is stored in advance 

25 in the controller 3 . When it is necessary to measure an astigmatism 
of an optical pickup of the same type, the.same relational expression 
will be used. 
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In this way, the astigmatism adjusting unit S3 operates in 
accordance with the above relational expression to calculate the 
inter-focal distances Lo and L45 so as to obtain an optimum angle 
for the reflection mirror 53, thereby performing an adjustment 
5 in accordance with the optimum angle and thus correcting an 
astigmatism. After the astigmatism adjustment is completed, the 
reflection mirror 53 is fixed in position by an adhesive agent. 

Although the present embodiment has shown that a def ocusing 
range in astigmatism measurement is -1.7 to + 1.3 pm, the present 

10 invention should not be limited by such a range. For example, 
it is also possible to find a def ocusing range through experiment, 
in order that a sufficient correlation (for example, a correlation 
coefficient is 0.8 or more) can be ensured between an inter-focal 
distance obtained in this astigmatismmeasurement and a astigmatism 

15 value measured by an interferometer . 

Moreover, the above-discussed astigmatism adjustment can 
be applied not only to an optical pickup of DVD 
recording/reproducing apparatus, but also to an optical pickup 
of other optical disc recording/reproducing apparatus, such as 

20 CD (Compact Disc) or MO (Magneto Optical Disk) 
recording/reproducing apparatus . 

In this way, the optical pickup astigmatism adjusting system 
of the present invention finds an inter-focal distance Lq between 
a focal position where a light beam is converged in RAD direction 

25 and another focal position where a light beam is converged in TAN 
direction, and a further inter-focal distance L45 between a focal 
position where a light beam is converged in a direction inclined 
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4 5 degrees from RAD direction and another focal position where 
a light beam is converged in a direction inclined 45 degrees from 
TAN direction. Since the inter-focal distances Lq and L45 has a 
correlation with 0-degree component and 4 5-degree component of 
5 each astigmatism, it is possible to measure an astigmatism of the 
optical pickup 5 by finding these inter-focal distances. 

Moreover, since it is possible to measure 0-degree component 
and 45-degree component of each astigmatism by finding the 
inter- focal distances Lq and L45, it is possible to find an astigmatic 

10 amount (absolute value) and an astigmatic angle from these 
astigmatic components . 

Moreover, since an astigmatism is measured based on the 
inter-focal distances Lq and L45, it is also possible to highly 
accurately perform an astigmatism measurement or adjustment on 

15 an optical pickup in a non-aberration (astigmatism is zero) state 
where the spot shape of a light beam is elliptical. 

Moreover, since an astigmatism is corrected by adjusting 
the reflection mirror to a required angle based on the 
above-described measurement results and in accordance with a 

20 relational expression representing a relationship between 

inter-focal distances and an installation angle of the reflection 
mirror (which relational expression has been established in advance 
by calculation and experiment), it is possible to most 
appropriately adjust an astigmatism in only one step, thereby 

25 simplifying the adjustment process. 

Besides, it is possible to realize an automated astigmatism 
measurement and adjustment by image-processing and measuring the 
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spot diameters. 

While there has been described what are at present considered 
to be preferred embodiments of the present invention, it will be 
understood that various modifications may be made thereto, and 
5 it is intended that the appended claims cover all such modifications 
as fall within the true spirit and scope of the invention. 
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